; and the 1,1-diphenyl-2-picrylhydrazyl free radical scavenging activity was 1.503 mg mL À1 . The optimized conditions model showed a good correlation between the predicted and experimental values. According to the results of our study, the optimization extraction significantly enabled study of the anticoagulation and antioxidant activities of compounds in motherwort; this may contribute to future research on the pharmacological activities of motherwort.
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Introduction
Leonurus japonicus Houtt. (LJ), a traditional herb with a long history of medicinal use, is found in several regions in Asia, including China, Korea and Japan. China is the main productive area of LJ. 1 In China, LJ is an abundant resource, and the production of LJ is nearly hundreds of thousands of tons. 2 In 1990, LJ was added to the Pharmacopoeia of the People's Republic of China. According to preliminary statistics, more than 300 prescriptions containing LJ have been adopted to treat many diseases, especially those interfering with blood coagulation, in China. Some well-known prescriptions are currently widely used, such as "Xin-Sheng-Hua Granule" and "Ba Zhen Yi Mu Wan". 1, [3] [4] [5] Currently, due to its pharmacological anti-cancer, anti-inammatory, antibacterial, antifungal and antioxidant effects, LJ is widely used in health care products and/or functional foods to improve the symptoms of blood coagulation and oxidative damage in some common chronic diseases, such as cancer, diabetes and cardiovascular diseases.
Modern pharmacological research has indicated that excessive oxidative stress and blood coagulation are associated with cancer, diabetes and cardiovascular diseases. [6] [7] [8] Furthermore, smoking, radiation and environmental pollutants may cause excessive oxidative stress and blood coagulation in the human body. Therefore, anticoagulants and antioxidants can be regarded as effectual methods to prevent and decrease the negative effects caused by blood coagulation and oxidative stress, respectively. [9] [10] [11] Previous studies have reported that common herbs, such as Persicae Semen, Carthami Flos and Crataegi Fructus, are excellent sources of natural anticoagulants and antioxidants due to their high anticoagulation and antioxidant activities. [12] [13] [14] [15] [16] [17] According to social research, the use of natural anticoagulants and antioxidants in medicine, health products, cosmetics and food processing is steadily increasing; therefore, it is necessary to identify and research natural anticoagulants and antioxidants from plant sources.
As a traditional Chinese herbal medicine, previous reports and our preliminary experiments simultaneously proved that LJ possesses both high antioxidant and remarkable anticoagulation activities.
1,2 However, to date, there have been few studies on the connection between the effects of antioxidant and anticoagulation compounds in LJ. Additionally, LJ is inexpensive and readily available, and it is generally considered as waste in the areas in which it is produced. In the local region, LJ is commonly cremated and/or abundantly discarded in soil and water; no local enterprises collect LJ practically. Moreover, due to its vast planting area and detrimental effects on the environment, LJ is a pressing problem for local farmers, enterprises and governments. The main reason for the waste of LJ is that there are few studies on its applications and adequate value-added processes. Additionally, only limited research has focused on how to transform waste LJ into other valuable products, which undoubtedly leads to further waste of LJ. Therefore, we believe it is imperative to nd a new and environmentally friendly method to solve the above problem. An effective method would enable the preparation of the abundant antioxidants and anticoagulants in LJ as valuable products. This could provide a wide area for its development and utilization; this would not only reduce the pressure of waste LJ on abundant planting areas, but would also create more assets for local farmers and decrease environmental pollution.
To isolate natural bioactive compounds from plants, extraction is the rst key step. According to previous reports, conventional solvent and Soxhlet methods are commonly used for the extraction of antioxidant and anticoagulant compounds from plants; these methods possess many shortcomings, such as high usage of extraction solvents, long extraction times, inconvenient operation and poor extraction efficiency. 18 Currently, increasing numbers of extraction methods, including ultrasound-assisted extraction (UAE), [19] [20] [21] microwave-assisted extraction (MAE), 22 pressurized liquid extraction, 23 and supercritical uid extraction, are being developed for the recovery of antioxidant and anticoagulation compounds from plants. 24 Comparatively speaking, MAE and UAE are better than other traditional extraction methods; they can decrease the extraction time and the usage of solvents, optimize the extraction temperature and increase the yields of target compounds. [25] [26] [27] [28] Particularly, UAE can disrupt cellular walls, allowing better penetration of solvents in the matrix material; this improves mass transfer and increases the release of cell contents. 29 Moreover, UAE is the simplest and most economical technique, and it can be readily scaled up for industrial production. Many factors, including ultrasound power, extraction time and temperature, and solvent-tomaterial ratio, can inuence the UAE process individually and collectively; thus, it is difficult to identify main independent variables to optimise.
30,31
From previous reports, conventional multivariable optimisation is usually based on single-factor experiments and orthogonal experimental design; this method possesses many disadvantages, such as high cost, more experiments and inaccurate results.
32
Response surface methodology (RSM) is a useful tool for evaluating multiple parameters; it can effectively overcome the drawbacks of single-factor experiments and orthogonal experimental design. RSM has been successfully used to optimize the extraction of active compounds from plants, such as polyphenols, polysaccharides and proteins.
32-35
Additionally, it is recognized that the simultaneous analysis of acidic and alkaline components is difficult in plant matrices because they can undergo acid-base neutralization reactions.
36
LJ contains a variety of alkaloids, avones, diterpenes and phenolic acids; 1 thus, both acidic and alkaline components are present in extracts of LJ. Previous studies showed that high performance liquid chromatography (HPLC) and ultraperformance liquid chromatography tandem massspectrometry (UPLC-MS/MS) can be used to analyze the different components of LJ; however, these studies only focused on the determination of alkaline (alkaloids) or acidic (avones and phenolic acids) components, and there are few studies on the simultaneous determination of alkaline and acidic components in LJ. [37] [38] [39] To solve the problem of the coexistence of acid and alkaline compounds, in this paper, we developed a method involving ultra-performance liquid chromatography coupled with triple-quadrupole tandem mass spectrometry (UPLC-TQ-MS/MS) for simultaneous determination of alkaline and acidic components in LJ.
Thus, the present study was designed to determine the optimum UAE conditions for maximizing the yields and antioxidant and anticoagulation activities of compounds from LJ. As far as we know, there are no relevant reports on the application of RSM to the optimization of UAE conditions for obtaining remarkable antioxidant and anticoagulation activities of compounds in LJ. Additionally, this is the rst time that a rapid and accurate quality control UPLC-TQ-MS/MS method was employed to simultaneously analyze acid and alkaline compounds in LJ.
Materials and methods

Herbal samples
The samples of Leonurus japonicus Houtt. (LJ) were collected in August 2017 from elds in Xuyi County, Jiangsu Province, China. The plant was authenticated by Dr Hui Yan (Department of Medicinal Plants, Nanjing University of Chinese Medicine, Nanjing, China). A voucher specimen (NJUCM-20170830) was deposited in the Herbarium of Nanjing University of Chinese Medicine.
Chemicals and solvents
All chemicals and reagents were of HPLC grade. The standard of 1,1-diphenyl-2-picrylhydrazyl (DPPH) was purchased from Nanjing Jiancheng Bioengineering Institute (Nanjing, China). Activated partial thromboplastin time (APTT), prothrombin time (PT), thrombin time (TT) and brinogen (FIB) assay kits were purchased from Nanjing Maibo Biotech Co. Ltd (Nanjing, China). Other standards of trigonelline (1), stachydrine hydrochloride (2), chlorogenic acid (3), leonurine hydrochloride (4), rutin (5), p-hydroxybenzoic acid (6), syringic acid (7), caffeic acid (8) , vanillic acid (9), kaempferol-3-O-rutinoside (10), hyperoside (11) , isoquercitrin (12) , ferulic acid (13), benzoic acid (14) , quercetin (15) , apigenin (16) , kaempferol (17) , isorhamnetin (18) , wogonin (19) and genkwanin (20) were purchased from Nanjing Liangwei Biotech Co. Ltd (Nanjing, China). The purity of each compound was >98%. Deionized water was puried by a Milli-Q water purication system from Millipore (MA, USA). Other reagents such as formic acid, acetonitrile and anhydrous ethanol were supplied by Merck (Darmstadt, Germany).
Determination of extraction yield
The extraction yield of LJ was represented by the total contents of the main components, including alkaloids (1, 2 and 4), avonoids (5, 11, 12, 15, 16, 17, 18, 19 and 20) , phenolic acids (3, 6, 7, 8, 9, 13 and 14) and glycosides (10) . These components, the main active compounds in LJ, were identied and determined by UPLC-TQ-MS. UPLC was performed on a Waters Acquity UHPLC system (Waters, Milford, MA, USA) equipped with a quaternary pump solvent management system, an online degasser, a triple quadrupole mass detector and an autosampler. An Acquity UPLC BEH C 18 column (2.1 mm Â 100 mm, 1.7 mm) was used with an injection volume of 2 mL. The column temperature was maintained at 35 C. The mobile phase was composed of A (0.1% formic acid solution) and B (acetonitrile solution). The ow rate was set at 0.4 mL min À1 . The linear gradient conditions were: 90% A (0 to 1.0 min), 90% to 50% A (1.0 to 7.0 min), 50% to 10% A (7.0 to 13.0 min), 10% to 0% A (13.0 to 14.0 min) and 0% A (14.0 to 14.5 min). A Waters Synapt mass spectrometer (Waters) was used for the mass spectrometry analysis; it was equipped with an electrospray ionization source (ESI) in both positive and negative modes with a scan range of m/z 100 to 1000 Da. The MS parameters are listed in Table 1 . Representative MRM chromatograms for the 50 ng mL 
Ultrasound-assisted extraction procedure
In this study, UAE was applied for the extraction of multiple components from LJ. An ultrasonic device (KH-500 DB; Kunshan Hechuang Ultrasonic Instrument Factory, Kunshan, China) was used for UAE; this device can be used to adjust and control the sonication power, time and temperature simultaneously. The samples of LJ were cut into segments and crushed into powder, which was ltered through a no. 3 (355 mm AE 13 mm) sieve. Then, the powdered sample (0.5 g) was mixed with ethanol solution in a conical ask. All the samples were extracted in triplicate simultaneously. Aer UAE, the extracting 
Experimental design
The experiments were executed in three phases. (Table  2) were selected based on previous reports. 40, 46 Also, the 17 BBD design experiments are displayed in Table 3 .
Determination of anticoagulation activity
The anticoagulation activity of LJ was evaluated by activating the TT, PT, APTT and FIB assays in vitro. In this study, blood samples were collected from rabbit auricular vein (no: 2017-021) and deposited into a 10 mL centrifuge tube, where they were soaked in sodium citrate (38 mg mL À1 , 800 mL). Then, the above blood samples were centrifuged at 3000 rpm (4 C) for 15 min and the plasma was acquired for the next experiments. All the animal procedures and experiments were approved by the Animal Ethical Committee of Nanjing University of Chinese Medicine, (Nanjing, China). All experiments were performed according to the guidelines of the National Institute of Health and the institutional rules for the use and care of laboratory animals at Nanjing University of Chinese Medicine (Nanjing, China). 2.6.1. TT assay. TT is mainly reected by the time of conversion from brinogen to brin. An increase in TT indicates that the sample has invigorating effects on blood circulation. The specic operation was as follows: 50 mL of LJ extract and 200 mL of plasma were added to the test cup, respectively; then, the mixture was incubated at 37 C for 3 min. Finally, 200 mL TT reagent were added, and the clotting time (TT value) was recorded. 41 2.6.2. PT assay. PT mainly indicates the status of the extrinsic blood coagulation system. When a sample has an invigorating effect on blood circulation, PT will increase. In contrast, PT decreases if the sample causes blood coagulation. In this assay, 25 mL of LJ extract was added to the test cup, followed by 100 mL of plasma. Similarly, the mixture was maintained at 37 C for 3 min; then, 200 mL PT reagent preheated to 37 C was added to the test cup, and the coagulation time (PT value) was then recorded. 2.6.3. APTT assay. APTT mainly indicates the status of the intrinsic blood coagulation system. Like PT, APTT increases when a sample invigorates blood circulation. The specic operation of APTT was as follows: 100 mL of plasma, 25 mL of LJ extract and 100 mL of APTT reagent preheated to 37 C were added in sequence to the test cup. Then, the above mixture was incubated at 37 C for 3 min. In the last step, 100 mL of CaCl 2 solution preheated to 37 C was added, and the coagulation time (APTT value) was recorded. content decreases when the sample plays an invigorating role in the blood circulation. Firstly, we drew a standard curve according to the specied requirements; then, sample determination was performed. 100 mL of LJ extract, 200 mL of plasma 
and 700 mL of buffer were blended in a tube; then, 200 mL of the mixture was removed and incubated at 37 C for 3 min. Finally, 100 mL thrombin solution was added to the above mixture and the brinogen content was recorded; this content is the FIB value.
41
For all the tests mentioned above, plasma and breviscapine were used as the blank control and positive control, respectively. The TT, PT, APTT and FIB assays were conducted using a semi-automatic coagulation analyzer.
Determination of DPPH free radical scavenging activity
To measure the antioxidant activities of the LJ extracts, we adopted the DPPH radical scavenging assay from a previous study with minor alterations. [42] [43] [44] [45] In brief, DPPH solution was formulated by dissolving DPPH in absolute ethanol at a concentration of 0.1 mM. Then, 100 mL DPPH working solution were added to 100 mL of LJ extracts with various concentrations. Then, each mixture was shaken and incubated for 30 min at room temperature in the dark. The absorbance of each solution was measured on a microplate reader at 517 nm. Necessarily, ascorbic acid (V c ) was used as a positive control. The radical scavenging activity was indicated by the percentage of DPPH according to the following formula:
where A 1 is the absorbance of the sample (containing DPPH solution), A 0 is the absorbance of the control (DPPH solution with no sample), A 0 1 is the absorbance of the solvent (ethanol solution with sample), and A 0 0 is the absorbance of the solvent control (ethanol solution with no sample). All the experiments were performed in triplicate and the average values were calculated. The antiradical DPPH activity was shown as IC 50 (mg mL À1 ), which is the concentration of sample required to scavenge 50% of DPPH free radicals.
Data analysis
All the experiments were performed in triplicate, and Design Expert soware version 8.0 (Stat-Ease Inc., Minneapolis, USA) 
was used to analyse the experimental designs and data. All the results were analyzed by ANOVA, and p-values of less than 0.05 indicated that the data were statistically signicant.
Results and discussion
Solvent experiment analysis
Solvents such as water, methanol and ethanol are commonly used for extraction of LJ. In this section, different solvents (water, 20% methanol, 60% methanol, 100% methanol, 20% ethanol, 60% ethanol and 100% ethanol) were respectively selected to study their effects on the yield of the target compounds and the antioxidant and anticoagulation activities of different extractions from LJ. As shown in Moreover, for the FIB (Y 5 ) and DPPH free radical scavenging activity (Y 6 ), the values with ethanol were lower than those with methanol and water. Therefore, ethanol was selected as the ideal solvent for the subsequent experiments. Table 3 . A second order polynomial formula was adopted to correlate the independent variables with the response values of Y 1 to Y 6 . A matched model for Y 1 to Y 6 was built to predict the relationships between the independent variables, and these relationships can be displayed by the following formulae:
The analysis of variance for the experimental results of the BBD is shown in Table 4 . Taking Y 2 as an example, the p-value of 0.0407 (p < 0.05) indicates that the model was signicant. Meanwhile, the "Lack of Fit" p-value of 0.9986 implied that the lack-of-t was not signicant, which further veried the validity of the model. The determination coefficient (R) was 0.8370, which indicates that the matched model can explain 83.70% of the variations. The adjusted determination coefficient (R-Adj) was 0.6275, which is close to R, showing that the observed values were signicantly correlated with the predicted values. Furthermore, the coefficient of variation of 1.3157% indicates that the variation in the average value was low and the highaccuracy experimental results are dependable. All these results display that this model can completely explain the real relationships between the independent variables and response values. To study the interactive effects of the independent variables on the extraction yield of LJ, three-dimensional response surfaces are shown in Fig. 5A -C and contour plots are shown in Fig. 5a-c. Fig. 5A and a show the interactive effects between ethanol concentration and temperature while the ultrasonication time remains at 0-level. When the temperature was xed, Y 1 rapidly increased with increasing ethanol concentration until it reached a maximum; then, it slowly decreased. These results indicate that most of the target components (medium-polarity compounds) from LJ can be easily dissolved in highly concentrated ethanol solution. Therefore, to improve the solubility of the medium-polarity target compounds, a higher ethanol concentration was used to enhance the value of Y 1 . was affected by the ethanol concentration. Finally, Fig. S5C and c † showed the interactive effects between the temperature and ultrasonication time at a xed ethanol concentration. Y 3 decreased markedly with increasing temperature and ultrasonication time. The above results are in accordance with the ANOVA (Table 4) , which showed that X 1 X 2 , X 1 X 3 and X 2 X 3 are signicant (p < 0.05) for (Table 4) , which shows that X 3 and X 3 2 are signicant (p < 0.05) for Y 6 and that X 3 is the major factor affecting Y 6 . Therefore, for Y 6 , the optimum parameters were found to be as follows: ultrasonication time, 30.6 min; temperature, 70.0 C; ethanol concentration, 48.1%
(v/v); solid-liquid ratio, 30.0 mL g À1 ; and ultrasonic power, 500.0 W. 
Conclusion
In this study, UAE was successfully optimized for the maximum extraction of natural antioxidants and anticoagulants from LJ using BBD. Five impact factors of extraction (ethanol concentration, solid-liquid ratio, ultrasonication time, ultrasonic power and temperature) were evaluated, and the results indicated that ethanol concentration, ultrasonication time and temperature have signicant effects on the yield of antioxidants and anticoagulants extracted from LJ. Furthermore, the optimal technology was determined to be an ultrasonication time of 38.2 min; a temperature of 30.0 C; an ethanol concentration of 48.9% (v/v); a solid-liquid ratio of 30.0 mL g
À1
; and an ultrasonic power of 500.0 W. These results demonstrate that UAE coupled with RSM is an effectual and feasible method for the extraction of natural antioxidants and anticoagulants from LJ; this will provide a scientic basis for the comprehensive utilization and development of LJ.
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